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ABSTRACT
Survival rate of Dental Implants placed in Alveolar Ridge preservation sites: Systematic Review
Sravanthi Papisetti BDS
Introduction: It is not known so far performing Alveolar Ridge Preservation (ARP) in a freshly
extracted socket with intact walls would improve clinical outcomes of implants placed in these
sites. It is not known whether different biomaterials and techniques would affect the survival of
dental implants.
Aim: The current systematic review is undertaken to assess the survival rate of dental implants
placed in these sockets and to assess different socket graft materials as well as techniques of
ridge preservation with regard to the survival of implants.
Material methods: Search for relevant articles was done in Medline (PubMed). No restrictions
were imposed with respect to the year of publications. Only the studies which mentioned that
they placed dental implants in an extraction socket with intact walls were included.
Results: With the initial search a total of 4,962 articles were obtained. Out of which 9 studies (4
randomized controlled trials, 3 case series, 1 prospective, 1 retrospective) were included. Of the
included studies, 6 studies reported an implant survival rate (ISR) of 100%, two studies reported
an ISR of 97.3% and one study reported an ISR of 95%. The need for further augmentation was
significantly reduced if the socket underwent ARP at the time of extraction and this difference is
statistically significant compared to naturally healed sites. After prosthetic loading of implants,
these sites presented with minimal peri-implant marginal bone level changes.
Conclusions: To conclude, ISR in an ARP site with an intact socket is 95%-100% with a mean of
98.8%. It was found that there is no statistically significant difference in ISR whether it is an ARP
site or a site that underwent a natural healing process. Performing ARP even sockets intact
reduce the need for further augmentation thereby simplifying the technique of implant
placement while saving the time for the clinician as well as the patient.
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INTRODUCTION
Alveolar process of jaw:
The alveolar process of the jaw is the portion of the maxilla and mandible that forms
and supports the tooth sockets. It comprises three portions, an external plate of cortical
bone, an inner thin cortical plate which is called alveolar bone proper (ABP), and
supporting alveolar bone, which is the portion of cancellous trabecular bone present
between the layers of cortical bone. ABP is also called bundle bone since bundles of
Sharpey’s fibers from the periodontal ligament are embedded into it. It is also called a
cribriform plate, as it is perforated by numerous vascular channels. Because of its
radiographic appearance as a dense radiopaque line, it is also called a lamina dura. The
alveolar process is the tooth-dependent portion of the jaw. It starts forming as the tooth
erupts into the oral cavity, but once the tooth is extracted, the alveolar process also
undergoes resorption.

Figure 1: Picture from Carranza volume 1, 5th edition, Buccolingual section of human jaw
shows different portions of the alveolar process
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The thickness of buccal bone:
Januario et al.1 in 2011, conducted a cross-sectional study on two hundred and fifty
subjects to assess the thickness of the facial bone wall in the maxillary anterior teeth. In
the study, Cone-beam computed tomography scans (CBCT)were taken to assess the
facial bony wall thickness at 1, 3, and 5 mm apical to the alveolar crest. It was found that
facial bone thickness is 0.5-0.7 mm on average in humans. The facial bone wall thickness
in the majority of the cases of about 80% <1 mm, and in 20% of cases, it is ≥1mm. It was
also found that the thickness of the facial when measured from the alveolar crest at
different positions, does not differ with age or location. So, most of the teeth in the
maxillary anterior region have a thin buccal bony wall which may undergo marked
dimensional change after the tooth is extracted. So, the author recommended there is a
need to preserve the existing natural volume of bone for future implant placement.

(A)

(B)

Fig 2: Measurements of buccal bone thickness in two studies (A) Januario et al.1 from (B)
Huynh Ba et al. 2010. Pictures taken from original articles.
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Huynh Ba et al.2 2010, conducted a multicenter Randomized Controlled Trial (RCT) on 93
subjects. The aim was to determine the thickness of the facial bone wall in the maxillary
anterior and premolar region to assess the possibility of immediate implant placement.
Measurements were made at 1mm from the alveolar crest to assess the thickness of
facial bone in the maxillary anterior and premolar region using a vernier caliper. It was
found that facial bone wall thickness in the majority of individuals, about 87% of cases,
was ≤1 mm in the maxillary anterior region, and in 3% of cases, it was 2 mm thick. The
mean thickness of the facial bony wall is less than the palatal bony wall, 1 mm and
1.2mm, respectively. A preponderance number of sites presented with buccal bone
thickness ≤1 mm necessitates the need for further bone augmentation to maintain an
adequate volume of buccal bone around the dental implant.
Sequence of events in a healing extraction socket (Animal model):
Cardaropoli et al.3, in 2003, in an animal model, studied natural events of healing of
extraction socket. Immediately after extraction, the socket is filled with a blood
coagulum which consists of fibrin, red blood cells, and inflammatory cells. On day 3, part
of the coagulum is replaced by highly vascular granulation tissue (provisional matrix),
and inflammatory cell infiltrate. On day 7, much of the blood coagulum is replaced by a
provisional connective tissue matrix, and osteoclasts start resorbing the bundle bone.
Apart from that, there is the emergence of new blood vessels growing into the
extraction socket. On day 14, a provisional connective matrix is noted in the center,
whereas woven bone is formed at the periphery of an extraction socket. At this stage,
most of the bundle bone is resorbed. On day 30, woven bone is noted. Between days 60
3

and 90, woven bone is preceded by trabecular bone. A bridge of new bone covers the
entrance of the extraction socket. On day 120, new cortical bone deposits on previously
formed woven bone. On day 180, cortical bone covers the socket entrance, and
trabecular bone with large bone marrow spaces fills the socket. Bone marrow consists
of many adipocytes and a few inflammatory cells. So, the healing of the extraction
socket is divided into four different phases: 1) Inflammation (granulation tissue), 2)
Fibroplasia (provisional matrix), 3) Mineralization (woven bone), and 4) Remodeling
(Trabecular and Lamellar bone). It should be noted that the healing of an extraction
socket in an animal model is faster than in humans.

Inflammation
Granulation
Tissue

Fibroplasia

Mineralization

Provisional
Matrix

Woven Bone

Remodeling

Trabecular &
Lamellar
bone

Fig 3: Phases of the healing extraction socket
A sequence of events in a healing extraction socket (Human model):
Trombelli et al.4, in 2008, studied a series of biological events of healing extraction
socket in humans with a study sample of 24 patients and 27 biopsies during a period of
6 months. Samples were divided into three groups depending on the number of weeks
they were obtained after extraction, such as early phase (2–4 weeks), intermediate
phase (6–8 weeks), or late phase (12-24 weeks). The quantitative analysis found that
4

immediately after extraction, a blood clot occupies the empty socket, which would be
soon replaced by granulation tissue. A provisional connective tissue (CT) matrix replaces
the original granulation tissue, which consists of densely packed mesenchymal cells,
collagen fibers, and vessels with no or only scattered inflammatory cells. Then the
woven bone forms, which is defined as the finger-like projections of immature bone.
Finally, mature bone forms, consisting of lamellar bone and bone marrow. During the
early phase of healing majority of the extraction, the socket consists of granulation
tissue and a provisional matrix. During the intermediate phase, two-thirds of the socket
consists of a provisional matrix, and one-third is composed of woven bone. In the late
phase of healing, there would be a significant amount of woven bone formation and
provisional matrix along with the newly formed mature bone. On histological
examination, it is noted that the density of vascular structures and macrophages
decreased from 2 to 4 wks. Osteoclastic activity slowly decreased over a 4-week period.
Osteoblasts peaked at 6–8 weeks and remained almost stable later on. Bone tissue
formation in extraction sockets in humans has some degree of inconsistency, but the
provisional matrix formation is more consistent. There is individual variation in bone
organization and architecture after tooth extraction, and it was not finished at 24
weeks.

5

Figure 4: Quantitative analysis of different portions healing extraction socket from
Trombelli 2008
Soft tissue healing after extraction:
In concurrent with bone formation, soft tissue formation also occurs in a healing socket.
The proliferation of epithelium starts at 1-2 days, with underlying connective tissue
formation starting at 2-3 days. Proliferating epithelium subsequently undergoes
keratinization. The periosteum of collagen fibers from the lining mucosa inserts into the
new cortical bone, marking soft tissue healing completion. Healing of the alveolar bone
after a tooth extraction is characterized by bone regeneration in the socket and the
formation of a soft tissue seal at the socket entrance completing the process of healing.
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Dimensional changes after extraction:
Schropp et al.5, in 2003, studied dimensional alterations during the process of healing
over a 12-month period in humans. In the study, single tooth maxillary and mandibular
premolars, as well as molars, were included. The authors analyzed hard and soft tissue
changes using study casts and radiographs. The magnitude of reduction in the bone
volume during healing was approximately 50% was found, i.e., from 12.0 to 5.9 mm
(difference of 6.1 mm; range 2.7 to 12.2 mm), of which two-thirds occurred during the
first three months of healing. Greater change in height was found along the buccal
surface when compared to lingual or palatal surfaces. After 12 months of healing, the
height of the buccal bone plate was located apical to the lingual or palatal bone plate by
about 1.2 mm. Of all the sockets studied, mandibular molars showed the highest
amount of bone loss, followed by mandibular premolars. As major changes occur in
alveolar bone volume, following extraction methods to prevent ridge resorption and
maintain the existing volume of bone are indicated.

Van der Weijden et al. 6, in 2009, conducted a systematic review to assess dimensional
changes in a post-extraction socket of humans with spontaneous healing. From the data
obtained from 12 studies (Six RCTs, four controlled clinical trials (CCT), one case series,
and one prospective clinical trial), it was found a mean change of width of 3.87 mm, a
mean mid-buccal change of height of 1.67 mm, and a mean change in crestal height of
1.53 mm. The loss in width (3.9 mm) was greater than the loss in height (1.67 mm) in an
extraction socket. So, there would be more loss in ridge width than ridge height during
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the process of healing with no socket preservation compared to a socket preservation
procedure. It is advised to intervene in the fresh extraction with a socket grafting
biomaterial, reducing the amount of volumetric changes that would happen.
Histological evidence on dimensional changes after extraction:
Araujo and Lindhe et al.7, 2005, conducted an animal experiment to study dimensional
changes in extraction sockets. In the study, extractions were performed on distal roots
of 3rd and 4th mandibular premolars. Animals were sacrificed at 1, 2, 4, and 8 weeks
and sections were made in a buccolingual direction for histologic and histometric
analysis. At week one after extraction, the socket comprises a blood clot with a mixture
of granulation tissue, a provisional matrix, and small amounts of newly formed bone. At
week 2, the connective tissue has few inflammatory cells, and the bundle bone was
resorbed on the lingual crest of the ridge, whereas on the buccal side, it is still present.
At week 4, bundle bone on the buccal bony crest is completely resorbed. Space
occupied previously by bundle bone is now filled with woven bone along with the
formation of provisional matrix and mineralized tissue. At week 8, the lingual bony wall
is still thicker than the buccal wall as it is composed of thick trabecular bone apart from
bundle bone. There was an additional decrease in buccal bone height along with the
width of buccal and lingual walls. During all the periods of observation, the buccal bone
wall was constantly thinner than the lingual bone. It was noticed that buccal bone
undergoes complete resorption during the remodeling phase as it is tooth-dependent
tissue. As a result of modeling and remodeling of alveolar bone, the margin of the
buccal wall shifts by 2 mm apically at eight weeks after extraction. The amount of bone
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loss noted on the buccal bone is greater than on the lingual bone. It can be said that
removal of the bundle bone lining the socket is an integral part of wound healing.

Fig 5: Change in alveolar bone height after extraction. Picture was taken from Araujo and
Lindhe et al 2005
Comparison of dimensional volume between dentulous and edentulous site:
Misawa et al., 8 in 2016, conducted a cross-sectional with 29 patients. CBCT scans were
taken for tooth-bearing alveolar sockets and non-tooth bearing alveolar ridge in the
maxillary anterior and premolar region. There was a difference of 34.1 mm2 in terms of
cross-sectional area, 2 mm in terms of alveolar ridge height, 5.3 mm in the most coronal
portion of the socket, and 4.1 mm in the middle portion of the socket in the alveolar
ridge compared to tooth-bearing alveolar sockets at one year after extraction. The
alveolar ridge has fewer dimensions compared to tooth-bearing alveolar sockets. As the
9

extraction socket undergoes a considerable amount of resorption in terms of height and
width, if we could maintain the dimensions of the pristine socket after extraction, it
most likely simplifies the procedure of placement of a dental implant in an ideal
position. Furthermore, it also reduces the need for further hard tissue augmentation at
the time of implant placement.

Fig 6: Measurements of alveolar bone thickness at 2 sites. Pictures are taken from
Misawa et al 2016
Factors influencing alveolar ridge resorption:
Ferrus et al.9, in 2009, studied the factors that would reduce the amount of horizontal
bone resorption, which include buccal cortical thickness (>1mm) and bone-implant gap
(>2mm) in an immediate implant placement extraction site. Other factors such as thin
buccal bone, pre-existing pathologies, tooth inclination, multiple missing teeth, and
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excessive pressure from the removable prosthesis all can accelerate the amount of
horizontal bone resorption.
Summary on dimensional changes after tooth extraction:
In conclusion, dimensional alterations commence soon after extraction, which happens
both on the facial and lingual cortical plate and are most pronounced at the facial bony
plate. The facial plate comprises mainly bundle bone which undergoes complete
resorption during the process of healing. The facial bone response and the initial healing
pattern cannot be readily predicted. Following tooth extraction, there would be a
reduction in both and width of an extraction socket. A tooth extraction should be
performed with the acknowledgment that ridge reduction will follow, and further
clinical steps should be considered to compensate for it.

As the socket reduces in proportion in terms of height, width, and cross-sectional area
after extraction, any treatment procedures done which are aimed to decrease these
dimensional changes and maximize the amount of previously existing bone volume is
called alveolar ridge preservation (ARP) techniques.
Alveolar Ridge Preservation (ARP):
According to Avila Ortiz et al.10 2019, Partial extraction protocols (PES) and Socket
grafting (SG) fall under this umbrella. PES includes procedures such as removal of the
crown portion of the tooth and retaining the root portion, which would be submerged
so that it preserves the existing bone volume needed for pontic site development or
11

removal of the crown as well as a portion of root with retaining the buccal two-third of
the root which assumes that retaining the buccal root surface would preserve bundle
bone on the buccal surface. SG is a procedure where the extraction socket is filled with
biomaterial up to or beyond the existing alveolar crest with the idea that it would
reduce the changes in proportions of the socket, which happens during the natural
healing process.
Indications of ARP:
Hammerle et al.11 in 2012, suggested the indications for ARP, which include when
immediate (Type I) or early (Type II) implant placement is not indicated, adolescent
patients, ridge contouring for a conventional prosthesis (pontic site development), to
reduce the need for sinus lifting/bone augmentation procedures.
Biomaterials and techniques of ARP:
Different types of biomaterials have been proposed for ARP. SG could be by use of
autograft (obtained from the same individual) or allograft (graft obtained from
genetically dissimilar members of the same species) or xenograft (from another
species), or alloplastic material (Synthetic implant material) alone or may be covered by
collagen sponge or autologous blood-derived products. Socket sealing (SS) is the
application of barrier material (autogenous or exogenous) to protect the underlying
biomaterial compartment. ARP could be a combination of SG and SS that is the
application of a biomaterial and a barrier membrane. Closure of the socket may be
obtained using primary intentional healing, which is achieved by coronal advancement
12

of the flap when all the underlying biomaterial is covered, or secondary intentional
healing where the underlying biomaterial is left completely or partially exposed,
allowing the surrounding tissues to granulate in to cover the socket.
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Figure 7: Different types of socket grafting techniques quoted in Avila Ortiz et al.10 2019
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Evidence on autogenous bone graft for ARP:
•

Araujo et al.12, in 2010, conducted a study to assess the efficacy of autogenous bone for
ARP in which five beagle dogs were included. After flap elevation tooth roots were
sectioned and the mesial roots were endodontically treated. Extraction was done on the
distal root of two premolars and was grafted either with autogenous bone chips or a
xenograft covered with a non-resorbable material. Animals were sacrificed after three
months of extraction. After three months of healing, it was found that sites grafted with
autogenous bone showed resorption of 25% of volume in the coronal portion of the
socket in contrast to a 3% volume change in sites grafted with a xenograft. As the
autogenous bone undergoes resorption at a faster rate, it fails to prevent the
dimensional changes of the socket. So, the study concluded that autologous bone chips
placed in a fresh extraction socket failed to prevent a reduction in ridge volume
following tooth extraction.

Evidence on allograft for ARP:
Iocca et al.13, in 2016, conducted a systematic review with 6 RCTs with a follow-up of at
least three months. The aim was to analyze the efficacy of different biomaterials
(autograft, allograft in combination with membrane, xenograft, and alloplastic material)
for ARP to reduce ridge resorption. It was concluded that ARP doesn’t prevent ridge
resorption completely. Still, it reduces the magnitude of ridge resorption after
extraction, maximizing the volume of previously existing bone compared to the
spontaneous healing of the socket. So, ARP is recommended for fresh extraction
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sockets. Even though none of the biomaterials effectively prevent complete resorption
use of free dried bone allograft (FDBA) along with membrane has the highest
predictability of being the most effective treatment option currently available.
Evidence on Xenograft for ARP:
•

Bassir et al.14, in 2018, conducted a systematic review and meta-analysis with 21 studies
to assess dimensional changes after ARP compared to naturally healed sockets.
Considerable differences were found between ARP sites and the spontaneously healed
sites, and ARP sites performed better in reducing the magnitude of resorption in terms
of ridge width by a difference of 1.86 mm. ARP technique is significantly influenced by
the number of walls that remained in the socket after extraction. An intact socket or
socket presented with a greater number of walls showed fewer chances of undergoing
more dimensional changes. Other factors which might have an influence
include wound closure, whether it is primary or secondary, what kind of materials are
used for ARP, whether the graft material is protected or not by the placement of barrier
membrane as well as the use of biologics which are used to enhance the process of
healing. Xenografts provided better outcomes compared to other grafting materials

Histological evidence on xenograft for ARP:
In a beagle dog model, Araujo et al.15, 2009, analyzed the effect of Bio-Oss collagen on
the formation of hard tissue as an SG material. After flap elevation tooth roots were
sectioned and the mesial roots were endodontically treated. Distal roots were then
extracted and the sockets were grafted with Bio-Oss collagen randomly and are
compared with sockets that underwent spontaneous healing. After six months of
15

healing, it was found that non-grafted sites reduced in magnitude by three times
compared to grafted sites. The effect of xenograft was evident in the most coronal
portion of the socket, where mean volume variation in the coronal portion was 35% for
non-grafted sites and 12% for grafted sites. So, Bio-Oss grafted sites have better
performance in maintaining existing ridge volume. This is due to the ability of the
material to act as a mechanical scaffold for bone formation by adjacent host bone and
its slow resorption rate.
Current consensus on ARP
Avila Ortiz et al.10, in 2019, conducted a systematic review and meta-analysis. 12 RCTs
were included to assess the efficacy of different types of materials and techniques used
for ARP compared to spontaneously healing. Extraction sockets with either intact buccal
walls or damaged sockets during the extraction process were included. Dimensional
changes after tooth extraction for the grafted sites were less. It showed a horizontal
width difference of 1.9 mm, a mid-buccal height difference of 1.7 mm, and a mid-lingual
height difference of 1.1 mm compared to naturally occurring healed sockets. So, the SG
materials are most effective in minimizing changes in the horizontal dimension. The
study also showed that when allografts and xenografts are either covered by a collagen
sponge or a resorbable barrier membrane are most effective in minimizing the volume
loss. However, there is currently NO consensus on case selection, best clinical
technique, and material of choice to use. But ARP is a predictable technique that can be
considered under clinical situations for better preservation of hard tissue for future
implant placement.
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Implant osseointegration in ARP site histological evidence:
Berglundh et al.11 in 1997 conducted an experiment on dogs to answer the question of
whether implants can undergo osteointegration in ARP sites. Sockets are grafted with
xenograft followed by implant placement and are analyzed histologically at 3 and 7
mon. Bone-to-implant contact (%) was 44.1 ± 9.3 for grafted sockets and 45.8 ± 10.1 for
non-grafted sockets, with no statistically significant difference between them.
Specimens at three months at grafted sites showed the formation of new bone and
blood vessels, and at seven months, bone was more granular in texture, and the
implants were osseointegrated. Bone density between threads of the implants in
grafted sites is 77% compared to 79% in non-grafted sites. So, this study proves the
concept that implants can undergo osteointegration in previously grafted sites, as could
be seen in native bone. It was also shown that grafted particles were encircled by newly
formed bone that grows onto the implant's surface and the remnant of the graft is not
in contact with the implant fixture.
Clinical benefits of ARP:
Horvath et al.12, in 2013, conducted a systematic review and metanalysis with 8 RCTs
and 6 CCTs. It was found that no ARP technique is superior to another in reducing the
amount of volume of bone loss and irrespective of the technique used there would be
some amount of dimensional loss that happens following extraction. It was found that
Implant placement is equally possible in both grafted and non-grafted sites. However,

17

there is less or no need for further augmentation at the time of implant placement in
ARP sites thereby streamlining the procedure.

A recent systematic review was done by Avila Ortiz et al.10 in 2019 to assess implant
survival and success rates in ARP sites. Inclusion criteria are only RCTs, with a follow-up
of at least three months with a maximum period of 6 months after delivery of the
prosthesis. There were no specific criteria regarding whether the socket must be intact
or not. The aim was to compare clinical outcomes between socket grafted sites and
naturally healed sockets. It was found that there is no difference between socket
grafted sites and non-grafted sites in terms of clinical outcomes between the two
groups.
RATIONALE
So far, no systematic review was conducted to assess the survival rate of implants
placed in ridge preservation sites with intact socket walls at the time of extraction, and
the sockets underwent ARP. It’s not known so far doing an ARP in an intact socket would
improve the survival rate of implants, minimizes peri-implant marginal bone level
changes after prosthetic loading, reduces the need for further augmentation at the time
of implant placement maintain the adequate volume of pristine bone contours, provides
better esthetic scores form patient standpoint. It is not known whether it has added
clinical benefit. No studies are comparing the efficacy of different graft materials and
different techniques of ARP, which might affect the survival rates of implants placed in
these sites with short-term follow-up. So, the present systematic review is designed to
18

find the evidence in the literature and answer these questions with the best available
evidence.
AIM
The aim of the current systematic review is to comprehensively analyze the available
literature to evaluate the survival rate of dental implants placed in alveolar ridge
preservation sockets with intact socket walls. The Study also aimed if there is a
difference in the survival rate of implants placed in the sites that underwent ARP
compared to sites that underwent the natural process of healing. The study also aimed
to evaluate whether the survival rate of dental implants placed in ridge preservation
sites will vary with the type of biomaterials used for socket grafting and whether the
survival of dental implants will differ with the type of technique used for socket grafting.
MATERIALS AND METHODS
Study protocol:
The review protocol was done following the guidelines of the PRISMA (Preferred
Reporting Items for Systematic Review and Meta-Analyses) statement
Focus questions:
•

Focus question 1: What is the survival rate of dental implants placed in alveolar ridge
preserved sites with intact socket walls?

•

Focus question 2: IS there any difference in the survival rate of implants between ARP
sites and Spontaneous healing sites
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•

Focus question 3: Does the Survival rate of implants differ from the biomaterials used
for ridge preservation?

•

Focus question 4: Is there a difference in the survival rate of implants with different
ridge preservation techniques?

PICO question (Population, Intervention, Comparison, and Outcomes):
Population group (P): Adult human subjects with a single tooth or multiple teeth
indicated for extraction
Intervention (I): Extraction of tooth followed by ARP in a socket with fully intact walls
with no evidence of dehiscence clinically. The biomaterials used for ARP could be an
autogenous graft, allogenic graft, xenograft, alloplastic material, or autologous blood
concentrate. Socket grafting material could be covered with a layer of resorbable or
non-resorbable membrane to contain the graft material and protect it from external
forces. Either primary intentional healing of the socket with flap elevation to cover the
packed graft material or secondary intentional healing of sockets which allows the
granulating tissue to cover the socket entrance is allowed, or a combination procedure
where flap elevation was done but primary closure was not achieved allowing the socket
to heal by secondary intentional healing.
Comparison(C): comparing the survival rate of implants between ARP sites and
Spontaneous healing (SH) sites as well as comparing different graft materials and
techniques used for socket grafting to evaluate if the survival rate differs concerning
dental implants placed in these sites.
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Outcome measures (O): Primary outcome of the study is to assess the survival rate of
dental implants placed in alveolar ridge preservation sites performed in intact sockets.
Secondary outcome measures are to assess whether the survival rate of implants placed
in extraction sockets will differ with respect to different graft materials used for socket
preservation or do they differ with respect to the technique used for ridge preservation.
Literature search protocol:
A search was done for relevant articles in MEDLINE (PubMed) electronic database. The
initial search for articles was done on 12 February 2022. The electronic search was done
for articles related to therapy using keywords and mesh terms: ("Dental
Implants"[Mesh] OR "Dental Implantation" [Mesh] OR "dental implant" [Mesh]) AND
alveolar ridge preservation OR ridge preservation OR socket grafting OR socket filling OR
socket preservation OR socket graft). Filters applied were “full text” and “English.” There
was no limitation on the date or in which journal the article was published.
Inclusion criteria:
Type of study: RCT, CCT, prospective studies, retrospective studies, case series. Human
studies reporting with at least ten extraction sockets. ARP was done in clinically intact
sockets and allowed to heal before placing an implant with no restrictions on the
amount of healing period. In studies in which implants are placed in ARP sites and at the
time of implant placement, additional augmentation was done due to dehiscence on the
buccal wall or for achieving a better contour profile. Additional augmentation could be
for soft tissue profile too. Studies reporting survival or success rate of dental implants
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placed in ARP sites with at least six months of follow-up after crown delivery. Only
articles that are written in English.
Exclusion criteria:
Studies that are published using animal models are not included. Case reports,
systematic reviews, and literature reviews. Studies where dental implants were placed
immediately after extraction along with bone grafting and assessing clinical outcomes
thereafter. Studies in which ARP was done when there is dehiscence of buccal wall
whether less than 50% or greater than 50% of remaining socket length or missing one or
more of the walls in the sockets. Studies in which dental implants were placed after ARP
but reporting survival of implants less than six months after post-loading. Studies in
which ARP was done for ridge augmentation rather than ridge preservation purposes.
Article selection and data extraction
Title screening and article selection were performed by two independent reviewers (S.P.
and N.K). When there was a disagreement between the two authors, the issue was
resolved by a third author (A.S.). Data from the included studies were extracted by both
the authors (S.P. and N.K) independently and then cross-checked for accuracy. Apart
from the outcome measures of interest, data was also screened with respect to year
and journal of publication, number of patients included, age and gender of patients
included in the study, jaw where ARP was done, dropouts of study, inclusion of smokers,
reasons for extraction, single-rooted or multirooted tooth extracted, traumatic or
atraumatic extraction, flap was elevated while extraction, primary closure was achieved,
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biomaterials used for grafting, does the graft was packed till alveolar crest, Primary /
secondary healing allowed, use of preoperative or postoperative systemic antibiotics,
timing of implant placement after ARP, number and type of implants placed, need and
reasons for augmentation at time of implant placement and biomaterials used, implants
submerged for healing, clinical(Peri-implant probing, bleeding on probing (BOP), soft
tissue defects, Implant Stability Quotient (ISQ) reasons for failure of implants),
radiographic outcomes(marginal bone level changes) and patient-related outcome
measures (median PES score for esthetic evaluation).
RESULTS
Initial search for the relevant articles resulted in 4,962 studies in the PubMed database.
While reading the abstracts, it was noticed that one article was duplicated, so it was
removed, so a total of 4,961 articles were selected for title screening. After screening
the title of the obtained articles, a total of 605 articles were selected for abstract
reading. After abstract reading, a total of 95 studies were considered for full-text
reading. Abstracts were selected for full-text reading when it says ARP was done after
extraction, and then implants are placed later. No restrictions were imposed on the
healing period of ARP sites, how many weeks or months implants are placed, or what
biomaterials were used for grafting. Out of 95 papers, a total of 9 papers were selected
for consideration to be included in the study as they satisfy the inclusion criteria for the
study. The flow chart of the search strategy is depicted in Figure 1
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Figure 1: Flowchart of search strategy:

Databases searched(n-1)
Initial articles obtained: 4,962

Duplicates removed(n-1)
Articles excluded (n-4,356)

Articles selected for abstracts
screening(n-605)

Articles excluded (n-510)

Articles selected for full text
(n-95)

Articles excluded (n- 86)

Articles selected for inclusion
(n-9)

Comprehensive data of included studies:
Of the nine included studies, four are RCT, three are case series, one is a retrospective
study, and one is a prospective study. Two of the RCTs were conducted as multicenter
studies. One included RCT had different treatment groups (Jonker et al.18 2021,
comparing xenogeneic graft vs. SH, Saito, et al.l19 2021, comparing alloplastic graft
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material .vs allograft, Barone et al.2012, comparing xenograft .vs SH, and Barone et al.21
2013, comparing two types of xenografts). Both the prospective and retrospective
studies were conducted in private practices.

The total number of patients in the included studies varied from 10 to 78, whereas the
number of implants varied from 10 to 64. So, a total of 311 implants were placed in 9
included studies. Different types of implant systems were used in the included studies
(Straumann BLT SLActive, Roxolid, Institute Straumann AG, Straumann regular CrossFit
RC SLActive implants, Straumann Bone level, Nobel Biocare, Nobel Active, Esthetic line,
C-Tech, Intralock, Premium, Sweden & Martina, Due Carrare, Italy, Flexitime, Heraeus
Kulzer, Hanu, Germany, Nanotite Tapered Certain implants, MDL (Mini Drived- Lock).
One study (Bakhshalian et al.25 2018) did not report what type of implant systems were
used.

Biomaterials used for ARP included are 90% Deproteinized Bovine Bone Mineral in a
10% collagen matrix (DBBM-C), Deproteinized Bovine Bone Mineral (DBBM), Poly LacticCo-GlycolicAcid- Coated β-Tricalcium Phosphate(PLGA-β-TCP), FDBA- Freeze-Dried Bone
Allograft(FDBA), Injectable Bovine Substitute(IBS), Cortico-cancellous porcine bone,
Endobon, Biphasic Calcium Phosphate (BCP) whereas the membranes used for graft
containment were resorbable membranes(Osseoguard) or non-resorbable membranes
such as Dense Polytetrafluoroethylene Membrane(DPTFE) or use of collagen matrix
(CM), palatal graft(PG), S-CTG- Saddle connective tissue graft to seal the socket
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entrance. The survival rate of the implants placed in the intact sockets with ARP was
between 95-100%, with a mean of 98.8% after 1 year of prosthetic loading.

Two Studies (Jonker et al.18 2021, Barone et al.20 2012) compared Implant survival rates
between ARP sites and SH sites; however, no statistically significant difference was
noted between the two groups in all the studies. Jonker et al.18 2021 reported CM and
PG groups had an ISR of 100%, whereas the SH group had 95.6%. Barone et al.20 2012
reported a cumulative survival rate of 95%. Both the studies reported there is no
statistically significant difference between the groups in terms of ISR whether the socket
underwent ridge preservation or a natural healing process.
Data on RCT from the included studies:
Out of the 9 included studies, four of them are RCT (Jonker et al.18 2021, Saito et al.19
2021, Barone et al.20 2012, Barone et al.21 2013). Two studies were conducted at a single
center (Jonker et al.18 2021, Barone et al.,20 2012), whereas the other two studies were
multicenter (Saito et al.,19 2021, Barone et al.,21 2013). The total number of patients in
these varied from 20 to 50. Dropouts were in the range of 0 to 9 patients. The number
of implants placed in these studies was in the range of 20 to 50. A total of 150 implants
were placed in 157 extraction sockets. Implant systems used are Straumann, Nobel
Biocare, Premium, Flexitime, and Biomet 3i. Materials used for ARP are DBBM-C with
CM/PG, PLGA-β-TCP, FDBA with RACD, Cortico-cancellous porcine bone with Collagen
membrane, Endobon/Bio-oss with Osseoguard. Two studies compared ARP with SH
(Jonker et al.18 2021, Barone et al.20 2012). After prosthetic loading, implants are
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followed up for a period of 1yr whereas, in one study, Barone et al.20 2012had a followup for 3 yr. ISR reported in these studies varied from 95% to 100%. Mean marginal bone
level (MBL) changes are in the range of 0 to 1 mm (reported in 3 studies)
Data on case series from the included studies:
Three of the included studies were case series (Chen et al.22 2020, Botilde et al.23 2020,
Nevins et al.24 2019). One (Chen et al.22 2020) of them is conducted at a private practice.
The total number of patients in these varied from 10 to 37. No Dropouts were reported
in three studies. The number of implants placed in these studies was in the range of 10
to 31. A total of 53 implants were placed in 76 extraction sockets. The implant system
used was Straumann. One study (Nevins et al.24 2019) did not report what type of
implant systems were used. Materials used for ARP were DBBM with CM, DBBM with sCTG, and BCP with Collagen. After prosthetic loading, implants are followed up for a
period of at least 1yr, whereas in one study, Botilde et al.23 2020 have a follow-up for 57 yr. ISR reported in these studies is 100%. Mean MBL changes are in the range of 2.4 to
2.96 mm (reported in 2 studies)
Data on retrospective study from the included studies:
One of the included studies is a retrospective (Bakhshalian et al.25, 2018). The total
number of patients in the study was 64. Dropouts reported in the study were 14. The
number of implants placed in the study was 64. The study did not report what type of
implant systems were used. Materials used for ARP ABBM with DPTFE. After prosthetic
loading, implants were followed up for a period of 6 years. ISR reported in the studies
was 97.3%. Mean MBL changes were in the range of 0.06 mm to 0.1 mm.
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Data on prospective study from the included studies:
The last study is a prospective study (Lorenz et al.26 2018) which was conducted at a
private practice. The total number of patients included in the study was 21, with 44
extraction sockets that underwent ARP. Dropouts were not reported. The number of
implants placed in the study was 44, and the implant system used was the Esthetic line.
The material used for ARP was IBS with CM. After prosthetic loading, implants were
followed up for a period of at least 1yr, and the maximum follow-up period was not
reported. ISR reported in the study was 100%. The mean marginal bone level changes
reported in the study were 2.56 mm.
Comparison between ARP vs SH (need for further augmentation at the time of implant
placement):
The need for further augmentation between ARP and SH sites is reported in 3 studies
(Jonker et al.18 2021, Barone et al.20 2012). Jonker et al.18 2021 reported that additional
bone augmentation was needed in 32% of the sites in the CM-group, 24% of sites in the
PG-group with a mean of 28%, and 72% of sites in the control group needed further
augmentation while placing the implant. The difference between the groups was
statistically significant when comparing the ARP group to the SH group favoring ARP.
Barone et al.20 2012, reported a total of 15% of implants in the ARP group and 50% of
implants in the SH group needed further bone augmentation at the time of implant
placement, and the difference between the groups is statistically significant (P = 0.02)
again favoring ARP. So, performing ARP at the time of extraction even in the sockets
with intact walls would provide additional clinical benefit by significantly reducing the
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amount of dimensional changes after extraction and by maintaining adequate bone
volume for future implant placement thereby simplifying the procedure
Comparison between ARP vs SH (ISR):
Implant survival rate compared between ARP sites and SH healed reported in two
studies. Jonker et al.18 2021 reported an implant survival rate of 100% in the CM group
and in the PG group with a mean of 100%, compared to 95.7% in SH sites, with no
statistically significant difference between the groups. Barone et al.20 2012 reported a
cumulative implant survival rate of 95% in both the groups with no statistically
significant difference between the groups. So, there is no statistically significant
difference between the survival rate of implants placed either in ARP sites or SH sites.
Comparison between ARP vs SH (Implant success rate):
Implant success rate compared between ARP sites and SH healed reported in two
studies. Jonker et al.18 2021 reported an implant success rate of 95.7% in the CM group,
87.5% in the PG group with a mean of 91%, compared to 91.4% in SH sites, with no
statistically significant difference between the groups. Barone et al.20 2012 reported a
cumulative implant success rate of 95% in both the groups with no statistically
significant difference between the groups. So, there is no statistically significant
difference between the success rate of implants placed either in ARP sites or SH sites.
Primary outcome measure:
Looking into the primary outcome of the study which is assessing the survival rate of
implants in ARP sites with intact walls which are reported in nine studies. Six studies
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(Jonker et al.18 2021, Saito et al.19 2021, Chen et al.22 2020, Botilde et al.23 2020, Nevins
et al.24 2019, Lorenz et al.26 2018) reported an ISR of 100% whereas two studies (Barone
et al.21 2013, Bakhshalian et al.25, 2018) reported ISR of 97.3% and one study (Barone et
al.20 2012) reported ISR of 95%. So ISR across the included studies is in the range of 95%
to 100% with a mean of 98.8%
Secondary outcome measures:
There was a necessity for bone augmentation while placing implants in ARP sites which
was reported in 3 studies (Jonker et al.18 2021, Chen et al.22 2020, Barone et al.20 2012).
In Jonker et al.2021 study, hard tissue augmentation was done when there is a thin
bone or when there is dehiscence at the time of implant placement which was found in
32% of sites in DBBM-C with CM group and 24% of sites in DBBM-C with PG group with a
mean of 28%. In Chen et al.22 2020 study, there was a necessity for bone augmentation
mainly for better emergence profile in 90% of sites and 10% of sites with dehiscence.
15% of sites in Barone et al.20 2012 study underwent bony augmentation at the time of
implant placement, too, but the reasons for which the sites needed further
augmentation were not reported. Looking into the data from the studies there was
adequate bone volume for placing implant most of the time So doing ARP even in
sockets with intact walls would provide additional clinical benefit by reducing
dimensional changes of the extraction socket.

Marginal bone level changes around implants placed in ARP sites are reported in 5
studies (Jonker et al.18 2021 about 0 mm, Saito et al.19 2021 reported negligible changes,
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Lorenz et al.26 2018 about 0.1mm, Barone et al.20 2012 about 1 mm, Bakhshalian et al.25
2018 about 0.06mm to 0.1 mm). It was observed there were no changes in peri-implant
marginal bone level to 0.1mm after prosthetic loading of implants. So, placing an
implant in ARP sites would maintain pristine bone level after prosthetic loading likewise
which is present at the time of implant placement.
Clinical outcomes in ARP sites (Implant success rate):
The implant success rate is reported in ARP sites 4 studies (Jonker et al.18 2021, Chen et
al.22 2020, Barone et al.20 2012, Barone et al.21 2013), which ranged from 87.5% to
97.3% (Jonker et al.18 2021 is 91%, Chen et al.22 2020 90%, Barone et al.20 2012 is 95%,
Barone et al.21 2013 is 97.3%). Only Jonker et al.18 2021 defined the success of implants
whereas the other three studies did not define how they are evaluating the success of
implants so the mean success rate of the implant cannot be calculated. Reasons for periimplant diseases reported in the studies include probing depth (PD) ≥5 mm along with
Bleeding on probing (BOP), fistula tract on the implant, mobility of the implant, and
implant failure. So, the success rate of implants placed even in ARP sites is significantly
high.
Implant failure rate placed in ARP sites:
The implant failure rate was reported in 4 studies, Jonker et al.18 2021 reported a failure
rate of about 8.5% (PD≥5 mm +BOP), Chen et al.22 2020 of about 10% (perimplant
mucositis along with fistula), Barone et al.20 2012 of about 5% (mobility of implant),
Barone et al.21 2013 of about 2.7% (reason not reported).
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Aesthetic outcomes of implants placed in ARP sites:
Pink Esthetic Scores (PES) are reported in 3 studies (Jonker et al.18 2021, Chen et al.22
2020, Botilde et al.23 2020). Jonker et al.18 2021 reported a mean PES score of 7.0 ± 1.4
in the CM group and 7.1 ± 1.5 in the PG group. Chen et al.22 2020 reported a PES score
of 10 (range of 9–13), and Botilde et al.23 2020 reported a score of 10.9 (range of 8-14).
So, the esthetic outcomes of implants placed in ARP sites are highly acceptable by the
patients.
Secondary outcome measures:
To evaluate one of the secondary outcomes of the study which is a significant difference
between the survival rate of implants with respect to biomaterials used for ARP, two
studies were included for data analysis (Saito et al.19 2021, Barone et al.21 2013). Saito
et al.19 2021 compared alloplastic graft material with an allograft, and ISR reported was
100% in both the groups. Barone et al.21 2013 compared two types of xenografts and
reported ISR is 97.3% in both groups. With the limited information available, it can be
said survival rate of implants does not differ with respect to the type of biomaterials
used for ARP.

To assess another secondary outcome of the study which is a significant difference in
ISR with respect to techniques for ARP, none of the included studies compared ISR with
different techniques of ARP after extraction, so no results are obtained on this.
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DISCUSSION
The current systematic review was undertaken to assess the survival rate of implants
placed in extraction sockets only with intact walls, as there are no systematic reviews
undertaken in the literature so far, and to assess does it provides any benefits compared
to without performing it. It was found that the survival rate of implants placed in ARP
sites is 95% -100% from nine studies, with a mean of 98.8% after one yr. of prosthetic
loading. The results of this systematic review are consistent with the results obtained
from the systematic reviews by Mardas et al.27 2015, Ramanauskaite et al.28 2019, and
Zhou et al.29 2019. However, the above-mentioned systematic reviews included ridge
augmentation procedures, immediate implant placement procedures, and implant
placement in naturally healed sites. The current study is looking only into the survival
rate of dental implants placed in ridge preservation sites with intact sockets
Available evidence on the current topic:
Mardas et al.27 2015, conducted a systematic review to examine the possibility of
implant placement, survival, and success rate of implants and assess the amount of
bone remodeling around implants placed in sites that had ARP compared to sockets
with SH. The study also aimed to answer the same question with different ARP
techniques such as guided bone regeneration (GBR), socket filling, and socket seal.
Literature was searched in 3 databases for articles up to July 2014. Only RCTs, CCTs, and
prospective cohort studies with a sample of 10 patients per group were included. The
implant follow-up period of up to 3 yrs. after prosthetic loading was included. A total of
10 studies (8 RCTs, 2 CCTs) were included to measure the study's primary outcome, and
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a total of 30 studies (21 RCTs, 7 CCTs, 2 case series) were included to measure the
secondary outcome of the study. Both single-rooted and multirooted teeth were
included. The study reported placement of an implant is equally possible both in ARP
sites and SH sites. When ARP is not done for further augmentation, it is in the range of
0-100%, and when ARP is done, it is in the range of 0-15%. The pooled risk for further
ridge augmentation without ARP is 0.15, which says when ARP is done, there are fewer
chances that the sites need further augmentation at implant placement than SH. The
survival rate of implants placed in ARP sites and SH sites is 100% except for one study,
which reported a 95% survival rate, whereas the success rate of implants ranged
between 95.2% -100% for the ARP-treated sites and between 90% - 100% for SH sites. A
difference of -0.039 mm means marginal bone loss was found between ARP treated
sites and SH sites, indicating no significant difference between the groups. GBR and
socket filler presented with a similar size effect ratio with respect to the survival and
success of implants and the possibility of implant placement, and there is not enough
evidence to say about the socket seal technique. The study concluded that ARP is
advantageous as it reduces dimensional changes in the extraction socket, decreasing the
need for further augmentation at the time of implant placement. ARP sites have similar
clinical outcomes of implants compared to SH sites

Ramanauskaite et al.28 2019, conducted a systematic review and metanalysis to assess
dental implant treatment outcomes placed in ARP sites. Literature was searched in the
PubMed database for articles up to April 2019. Only RCTs, CCTs, and prospective cohort
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studies with a sample of 10 patients were included. The implant follow-up period of up
to 1 yr. after prosthetic loading was included. The study included groups that had
implant placement in SH sites, immediate implant placement, and implant placement
where ARP was done with no specific criteria on the intactness of the socket. A total of 7
RCTs were included. The study reported the survival rate of implants from 95%-100%
after 1-4 years of prosthetic loading for grafted sockets, whereas, for non-grafted
sockets, it was 92-100%. The meta-analysis found that marginal bone level changes
around implants placed in grafted sockets are significantly less than around implants
placed in SH sites, with a weighted mean difference of -1.961 mm. None of the included
RCTs provided information on the clinical parameters of implants and implant-related
complications

A systematic review and metanalysis were done by Zhou et al.29 2019. The aim is to
assess related clinical outcomes and patient-centered outcomes of implants placed in
ARP sites and fresh extraction sockets. A literature search was done in 5 electronic
databases along with a hand search of related articles. Only RCTs and cohort studies
were included with a minimum follow-up of 6 months after the therapy. Subgroup
analysis was also done to assess the factors influencing the therapy. A total of 10 studies
with 517 implants were included. A total of 262 implants were placed after ARP and 255
implants as immediate in fresh extraction sockets. Looking into data of immediate
implants concerning intactness of socket wall, 58.4% of implants were placed in sockets
with intact walls, whereas the remaining 41.9% of implants were placed in sockets with
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dehiscence. The success rate of implants placed in ARP sites and fresh extraction sites
with intact buccal walls yielded the same, about 98.6%, whereas the success rate
dropped to 89.6% for implants placed in extraction sockets with a defective buccal wall.
There was no statistically significant difference between the groups in terms of marginal
bone level changes, implant-related complications, and patient-centered outcomes. The
study recommended reconsidering the option of immediate implant placement in fresh
extraction sockets with defective buccal walls owing to a reduced success rate
compared to other therapies.

Barootchi et al.30 2019 carried out a systematic review to assess dimensional changes
following ARP in an extraction socket with intact walls compared to natural healing. A
total of 14 RCTs were included. It was found performing ARP even in an intact socket
reduces dimensional changes of an extraction socket by 1.95 mm in alveolar ridge
width, 1.62 mm in the ridge height at the mid buccal region, and 1.26 mm in the ridge
height in midlingual region. The study also assessed the factors that influence amount of
bone resorption after extraction. From the meta-analysis it was found performing an
extraction without flap elevation has a beneficial effect as it reduces bone remodeling
changes. No difference in the amount of bone resorption after extraction when looking
into different biomaterials used for SG. The study confirms the benefits of ARP even in
an intact socket preserving the existing bone volume thereby reducing the need for
further augmentation at the time of implant placement.
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Present study adds evidence to the literature regarding some of the unanswered
questions of ARP. Ridge preservation in an intact socket reduces the need for further
augmentation at the time of implant placement significantly similar to the results seen
by doing ridge preservation in the socket with missing walls or presented with
dehiscence at the time of extraction. So, clinicians should consider this finding in clinical
situations where the future plan is to replace the missing tooth with a dental implant.
Even the clinical outcomes of implants placed in these sites after prosthetic loading is of
significant value. These implants presented with minimum alveolar bone remodeling
changes along with a better perception of the patient from an esthetic standpoint. So, it
not only provides improved clinical outcomes but also meets the esthetic demands of
the patient.
Data analysis of the included studies:
A total of 4 RCTs were included in the current study. Jonker et al.18 2021 compared
xenograft with CM vs. xenograft with PG vs SH, Saito et al.19 2021 compared alloplastic
biomaterial vs. allograft, Barone et al.20 2012 compared xenograft vs. SH, Barone et al.21
2013 compared two types of xenografts. This systematic review was also conducted to
perform a meta-analysis, but as a result, two RCT studies compared xenograft with SH,
doing a meta-analysis would not add much significance or it would be less relevant so
meta-analysis was not done.

Jonker et al.18, 31 published two studies on the same patient population in 2021, in one
study they are assessing hard tissues changes such as the need for augmentation at the
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time of implant placement after ARP and peri-implant marginal bone level changes after
prosthetic loading of implant placed in ARP sites. The same group published another
study in the same year on the same population where they are assessing clinical
outcomes and patient-centered outcomes of implants placed in ARP sites. Only one of
the studies, which satisfies the inclusion criteria, is considered for inclusion. However,
another study is also examined to obtain the relevant information on bony
augmentation and implant-related outcomes.

In both the studies by Barone et al.21 2013 and Bakhshalian et al.25 2018 after extraction,
sockets were classified into three types based on the intactness of facial mucosa and
buccal plate. Type 1 sockets presented with intact facial mucosa and buccal plate, Type
2 sockets presented with intact facial mucosa and dehiscence of the buccal plate,
whereas type 3 are those with non-intact facial mucosa and buccal plate. In Barone et
al.21 2013 study, only type 1 and 2 sockets are considered for inclusion, whereas another
study (Bakhshalian et al.25 2018) included all types of sockets. Only sockets with intact
buccal plates where they performed ARP were considered for data analysis for the
current systematic review. However, in each study data was not segregated with respect
to the survival of the implant based on the intactness of the socket wall.

In the prospective study by Nevins et al.24 2019 extraction sockets were divided into two
groups. One group received ARP (27) at the time of extraction, whereas the other group
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received sinus augmentation after extraction (11). Only sockets that had ARP are
considered for data analysis.

The study considered 95 articles considered for full-text reading, however, many articles
were excluded as they did not report whether the sockets were intact or not after
extraction. Most of the available studies reported implant-related outcomes when there
was dehiscence <50% or greater than 50% at the time of extraction and the sockets
underwent ARP. There are a good number of studies obtained that are aimed to study
the histology of bone after ARP for which they obtained biopsy while preparing
osteotomy site. These studies were not included even though they placed implants as
they did not report clinical outcomes of implants as they are not followed later.
Limitations:
Search for articles on relevant topics was done only in one database. There could be a
possibility that the articles on the relevant topic might be missed. Because of
heterogeneity in studies with respect to SG biomaterial and techniques for APR metaanalysis couldn’t be done and if it is done it would add clinical significance value to the
procedure.
Recommendations for future research:
There is a need to report studies with more details with respect to study material to find
evidence for unanswered questions in the literature. In the current systematic review,
many studies were excluded as the study did not report the defect characteristics of the
socket after extraction or they did not report clinical outcomes for more than 6 months.
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•

And a further need for well-conducted studies with different techniques and
biomaterials for socket preservation to add more evidence for ARP procedures.

CONCLUSION
Based on available evidence following conclusions were drawn
•

The survival rate of implants placed in ARP sites with intact socket walls is about 95% to
100%, with a mean of 98.8%. after 1 yr of prosthetic loading. It is comparable to the
survival rate of implants placed in spontaneously healed sockets with no significant
difference between them.

•

ARP reduces the need for further bone augmentation at the time of implant placement
compared to naturally healed sockets.

•

Minimal marginal bone level changes are observed around implants placed in ARP sites
as seen in an implant placed in naturally healed sites.

•

There is no significant difference in the survival rate of implant-based biomaterials used
for ARP based on a limited number of studies.

•

Nothing can be said about the survival rate of implants based on techniques used for
ARP, as there are no studies available.
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Appendix:
Table 1 : List of articles excluded after considering for full-text reading
Author
Baek 2021

Reason for Exclusion
Don’t know whether the socket is intact or not (the original
paper says 50% loss)

Rupawat 2020

Don’t know whether the socket is intact or not; implant
outcomes are not reported

Jonker 2020

Implant outcomes are not reported

Cheaon 2017

Included sockets with missing buccal wall

Pang 2014

Don’t know whether the socket is intact or not

Lim 2019

Inadequate sample size, presence buccal dehiscence >50%

Sivolella 2020

Don’t know whether the socket is intact or not

Crespi 2020

Included sockets with missing buccal wall

Santos 2021

Presence of buccal wall dehiscence, implant outcomes are not
reported

Park 2020

Don’t know whether the socket is intact or not

Wessels 2020.

< 50%buccal wall present

Patel 2012

Don’t know whether the socket is intact or not (p-690)

Hu 2021

Implant outcomes are not reported

Kim 2011

implant outcomes are not reported

Tabrizi 2015

implant outcomes are not reported
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Marconcini 2018

Don’t know whether the socket is intact or not

Corning 2019

implant outcomes are not reported

Wu 2019

Not clear whether the socket wall is intact or not, data on the
implant was not segregated based on the intactness of the
socket at the time of extraction

Walker

No crown placed, don’t report implant outcomes

Hauser 2013

Implants are not loaded; implant outcomes are not reported

Krasny 2013

Not ARP; its Block grafts

Demetter 2017

Implant outcomes are not reported

Eghbali 2018

Presence of dehiscence on buccal wall

Kostatkis 2014

<50%dehiscence of the buccal wall

cardaropoli 2015

<50%dehiscence of the buccal wall

Roccuzzo 2014

Included sockets with missing buccal wall, implant outcomes are
not reported

Min 2018

Implant outcomes are not reported

Monica 2014

Implant outcomes are not reported

Checchi 2011

Implant outcomes are not reported

Eskow 2013

Implant outcomes are not reported

Siciliano 2017

Implant outcomes are not reported

Borg 2014

Implant outcomes are not reported

Hoang 2012

Implant outcomes are not reported
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Minamizato 2017

Don’t know whether the socket is intact or not, inadequate
sample size

Nevins 2014

Implant outcomes are not reported

Alkan 2013

Implant outcomes are not reported

Block 2002

Implant outcomes are not reported

Wallace 2014

Implants are not loaded; implant outcomes are not reported

Ashman 2000

Insufficient sample size

Apostolopoulos 2016

Don’t know whether the socket is intact or not

Roberto 2021

Implant outcomes are not reported

Santhanakrishan 2021

Implant outcomes are not reported

Perelli 2015

implants are loaded, but the post-loading follow-up period is <6
months

Wen 2019

Implant outcomes are not reported

Ivanova 2021

Don’t know whether the socket is intact or not; implant
outcomes are not reported

Pelegrine 2010

Don’t know whether the socket is intact or not; implant
outcomes are not reported

Testori 2021

Implants are not loaded

Seyssens 2019

Implant outcomes are not reported

Andrade 2020

Implant outcomes are not reported

Dhamija 2020

Implants are not loaded
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Tarun kumar 2019

Don’t know whether the socket is intact or not

(prospective)
Papace 2021

Implants are not loaded

Alcojol 2013

The buccal wall is missing

Ruga 2010

The buccal wall is missing

Quoc 2018

Don’t know whether the socket is intact or not; implant
outcomes are not reported

Kakar 2017

Don’t mention about loading of the implant; implant outcomes
are not reported

Ionescu 2022

The buccal wall is missing

Kim 2014

Ridge preservation was done 0.5-4 months after extraction

Wongpairojpanich 2020

Implants are not loaded; implant outcomes are not reported

Solakoglu 2022

Included 2/3 wall defects of the socket

Schulz 2016

Implants are not loaded

Joshi 2017

Implant outcomes are not reported

Chary 2021

Implant outcomes are not reported

Minichetti 2005

Not intact socket

Cosyn 2014

Included socket with missing buccal wall, implant outcomes are
not reported

Coster 2009

implants are loaded, but the post-loading follow-up period is <6
months
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Milani 2015

Implant outcomes are not reported

Tallarico 2021

Presence of dehiscence <3mm

Norton 2003

Included sockets with loss of buccal bone, implants are not
loaded

Schnutenhaus 2019

Don’t know whether the socket is intact or not; implant
outcomes are not reported

Durge 2021

Insufficient sample size

2618. Ponte 2021

Don’t know whether the socket is intact or not; implant
outcomes are not reported

Minetti 2021

Don’t know whether the socket is intact or not

Um 2019

Don’t know whether the socket is intact or not; implant
outcomes are not reported

Koutouzis 2010

Included cases with compromised buccal wall

Babbush 2015

Don’t know whether the socket is intact or not

Guarnieri 2017

Implant outcomes are not reported

Wei 2019

Implant outcomes are not reported; not an intact socket

Nevins 2018

Implant outcomes are not reported

Silva 2021

Presence of dehiscence <50%)

Lee 2017

Don’t know whether the socket is intact or no implant outcomes
are not reported

51

Molly 2008

Don’t know whether the socket is intact or not; Implant
outcomes are not reported

Santhan Krishnan 2021

Don’t report implant outcomes

song 2020

Don’t know whether the socket is intact or not, placed virtual
implants

Beltran 2019

Implants are not placed after ARP

Brouwers 2021

Don’t know whether the socket is intact or not; implants are
loaded, but the post-loading follow-up period is <6 months
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Table 2: Characteristics of the included studies
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6 M; 9

16.7-

F

62.1
Mean of
43.4
(±13.3)
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Yes

Yes

Nevins
2019

IJPRD

Prospective

37

25

case series

•

COIR- clinical oral Implants research;

•

JOP- Journal of Periodontology;

•

IJOMI: International of oral and maxillofacial implants;

•

IJPRD: International Journal of Periodontics and Restorative Dentistry;

•

JAP- Journal of Advanced Prosthodontics;

•

CIDRR: Clinical Implant Dentistry and Related Research;

•

RCT- Randomized Controlled Trial;

•

F- female; M-Male;
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25-74

Table 3: Extraction and Socket preservation procedures of the included studies:
Study

Reason for

Teeth

Flap

Presence

Biomaterials

Graft

Primary /

extraction

included

Elevation

of an

used for ARP

packed

secondary

for

during

intact

till AC

healing

extraction

extraction

socket

NO

Yes

fracture,

Maxillary

2020

infection,

anterior

vs DBBM -

in CM,

resorption

and

C+PG vs SH

primary in

DBBM-C+CM

Yes

premolar
Maxillary

antibiotics

after ARP

Jonker

Chen 2020

Systemic

Secondary

postoperative

PG
No

Yes

90% DBBM

central

with 10%

incisors

collagen

Yes

Secondary

Yes

Secondary

(DBBMC)
with
resorbable
type I/
III porcine
CM
Saito 2021

Premolars

No

Yes

and molars

Gr 1-PLGA-βTCP
Gr 2: FDBA
with RACD

Lorenz

Nonrestorable

Anterior,

2018

Root fracture

premolars

No

Yes

and molars
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IBS with CM

Secondary

Postoperative

Barone

Tooth

Maxillary

Yes

Yes

Cortico-

2012

fracture,

and

cancellous

Caries,

mandibular

porcine

Endo failure

anterior

bone+

and

Collagen

premolars

membrane

yes

Primary

Preoperative
and
postoperative

(n-20) vs
SH(n-20)
Barone

Caries,

Premolar,

2013

periodontal

molar

No

Yes

Endobon

Yes

Secondary

(test) with

disease,

Osseoguard

Tooth

vs Bio-Oss

fracture,

(control) with

Failed

Osseoguard

endodontic
treatment
Bakhshalian

Maxillary

2018

and

No

Yes

ABBM+DPTFE

Secondary

Preoperative
and

mandibular

postoperative
anterior,
premolars,
molars
Botilde

Maxillary

2020

anterior

No

Yes

DBBM with sCTG

and
premolars
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Primary

Postoperative

Nevins

Failing

2019

Maxillary

Yes

Yes

and

BCP with

Primary

Collagen

but some

mandibular

secondary

anterior
and
premolars

•

DBBMC -90% Deproteinized Bovine Bone Mineral in a 10% collagen matrix;

•

CM- collagen matrix;

•

PG- palatal graft

•

AC-alveolar crest;

•

IBS- Injectable Bovine Substitute;

•

PLGA-β-TCP – Poly Lactic-Co-GlycolicAcid- Coated β-Tricalcium Phosphate;

•

FDBA- Freeze-Dried Bone Allograft;

•

RACD -Rapidly Absorbable Collagen Dressing;

•

ABBM-Anorganic Bovine Bone Mineral;

•

DBBM- Deproteinized Bovine Bone Mineral;
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Table 4 : Implant related therapy in the included studies:
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•

DTFE- Dense Polytetrafluoroethylene Membrane;

•

DBBM: Deproteinized Bovine Bone Mineral;

•

S-CTG- Saddle connective tissue graft;

•

BCP- Biphasic Calcium Phosphate;

•

ARP- Alveolar ridge preservation;

•

BL-Bone Level;

•

NBCM- Native Bilayer Collagen Membrane;
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Table 5 : Treatment outcomes reported in the included studies:
Study
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•

PES- Pink Esthetic Score;

•

PIM- Periimplant mucositis;
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